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We report a 27-year-old man with pilomotor seizures originating in the right frontal lobe. Subtracted ictal SPECT coregistered
with MRI showed multifocal hyperperfused areas in the anterior medial frontal area, mainly involving the cingulate gyrus.
Chronic electrocorticography with subdural electrode arrays during the piloerection demonstrated that the pilomotor seizures
were originating in the anterior medial frontal region. After resection of the focus, the patient became seizure free.
© 2002 BEA Trading Ltd. Published by Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
Pilomotor seizures are an unusual autonomic seizure.
The ictal manifestation includes bilateral or unilateral
piloerection and the signs may be preceded by a non-
specific aura1–4 or occur concomitantly with other ic-
tal behaviours1, 5, 6. Numerous reports have described
pilomotor seizures from temporal lobe foci, most often
localised by interictal2–4, 7, 8 and ictal1, 2, 4, 7–10 scalp
electroencephalographic findings.
We recently encountered a patient with pilomotor
seizures originating in the anterior medial frontal area,
mainly from the cingulate gyrus.
CASE PRESENTATION
History
A 27-year-old man was presented with intractable
partial seizures starting 7 years earlier. Seizures
started with the onset of ‘goose bumps’ initially in the
right leg, marching up into the right arm and then to
the left limbs over 10–20 second intervals. The spells
were sometimes followed by blank stares or com-
plex motor automatisms involving the face and other
body parts. He had postictal amnesia whenever the
complex motor signs appeared. Despite phenytoin at
400 mg day−1, carbamazapine at 1200 mg day−1, topi-
ramate at 200 mg day−1 and clobazam at 20 mg day−1,
the seizures were poorly controlled. There was no his-
tory of perinatal insult, febrile seizure, encephalitis,
metabolic disease or head trauma.
Noninvasive presurgical evaluation
Examination including cognitive function was nor-
mal. MRI was normal and 18F-FDG PET showed
no metabolic deficits. Routine scalp EEG and non-
invasive video/EEG monitoring showed no interictal
epileptiform discharges (INIC-ED). Prolonged moni-
toring over a 5-day period captured 16 complex partial
seizures (CPS) and 5 simple partial seizures (SPS).
Ictal EEG during the CPS demonstrated diffuse ar-
rhythmic delta activity from the frontal regions, more
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pronounced on the right, but five SPS showed no def-
inite EEG changes. The first 99mTc ethyl cysteinated
dimer SPECT was performed during a pilomotor
seizure. The subtracted ictal SPECT coregistered to
MRI (ANALYSE 7.5, Mayo Foundation, Rochester,
MN) showed active hyperperfusion in the right ante-
rior medial part of the frontal lobe near the cingulate
gyrus.
Invasive presurgical evaluation
The patient subsequently underwent a right frontotem-
poral craniotomy and subdural electrodes were im-
planted over the right frontal regions. A 4× 8 grid of
electrodes (B plate) was placed on the right dorsolat-
eral frontal region, a 4× 5 grid (D plate) on the right
orbitofrontal area and a set of three 1× 8 strips (E, G
and H plates) on the right medial frontal area. Place-
ment of subdural electrodes and cortical surface was
confirmed by MR-CT coregistration11.
Subsequent electrocorticographic monitoring show-
ed INIC-ED most frequently in the medial frontal
area, maximally on E1 electrode (85%) and in the
Fig. 1: Electrocorticographic recording on the subdural electrode arrays during the pilomotor seizure. The ictal recording
shows preictal periodic sharp waves in the medial frontal area (E1, 2 and 3 and G1, 2 and 3 electrodes) and then fast activity
in the same area, spreading to the orbitofrontal and frontopolar regions. The fast activity is seen about 10 seconds prior to the
initial piloerection and most actively in G2 electrodes. H: right posterior medial hemispheric cortex; E and G: right anterior
medial hemispheric cortex; D: right orbitoforntal cortex; B: right anterior dorsolateral frontal cortex; Ref: Pz electrode; ECoG
onset: electrocorticographic onset of the seizure.
orbitofrontal area (D19, 15%). The average of the fre-
quency of INIC-ED was two times per minute. During
the 9-day stay, he had 40 ictal episodes. Sixteen SPS
began with ‘goose bumps’ on his right side similar
to his habitual seizures. Twenty-four CPS also started
with ‘goose bumps’ followed by a behavioural ar-
rest and then complex motor activity including pelvic
thrusting, whole body movements and rarely laugh-
ter, but he could not recall these events. The ictal
ECoG on subdural electrode arrays showed repetitive
sharp waves regionally on E1 and 2 and G1, 2 and
3 (maximally on G2 and 3), followed by fast activity
predominantly on medial and orbitofrontal areas, es-
pecially over the G2 electrode (Fig. 1). The second ic-
tal SPECT was performed during an automotor seizure
and the second subtracted ictal SPECT demonstrated
the same findings as the first images (Fig. 2(A)). The
hyperperfused areas corresponded to the regions of
the cingulate gyrus, rectus gyrus, hypothalamus and
thalamus (Fig. 2(B)). One of the actively hyperper-
fused anterior cingulate areas (arrow) was close to G2
and G3 electrodes, where build-up of preictal epilep-
tiform discharges and an active ictal onset zone were
observed (Fig. 2(A)).
Pilomotor seizure 243
Fig. 2: The second subtracted ictal SPECT with MR-CT coregistration and corresponding 3-D rendered MRI. (A) The image
demonstrates that the hyperperfusion is in the medial frontal area, involving mainly the right cingulate regions, and partly in the
medial part of the rectus gyrus, hypothalamus and thalamus. One of the actively hyperperfused anterior cingulate areas (arrow)
is close to G2 and G3. (B) The image reveals the corresponding area of the hyperperfused area on a 3-D rendered MRI.
Epilepsy surgery and postoperative course
Right anterior frontal lobectomy including the ante-
rior part of the cingulate gyrus and ictal onset zone
was performed. Histological examination showed
mild cortical dyslamination. The postoperative course
was uneventful without neurologic deficit. The pa-
tient has remained seizure free on oxcarbazepine
1200 mg day−1 for 6 months.
DISCUSSION
Published reports suggest temporal lobe or insular le-
sions result in pilomotor seizures3, 9, 12. A frontal lobe
focus has not previously been implicated to our knowl-
edge. Even in a case with concomitant frontal and the
temporal lobe lesions, the authors postulated the tem-
poral lobe as the likely source12. Our case is unique
in that a right frontal focus, particularly the anterior
cingulate gyrus, was the epileptogenic focus. This was
confirmed on presurgical evaluation and, following re-
section, excellent seizure control was obtained.
In animal studies, piloerection can be evoked by
electrical stimulation of the rostral part of the cingulate
gyrus13, amygdala14 and posterior hypothalamus15.
Focal activation of the limbic system may manifest
as a piloerection. The literatures suggest the medial
temporal lobe as the most frequent site of piloerec-
tion. The anterior cingulate gyrus as an alternative site,
as demonstrated by our case, is consistent with well
known anatomic limbic connections that include the
hippocampus, the amygdala, the cingulate gyrus and
the hypothalamus.
The pilomotor seizures in our patient showed an uni-
lateral involvement, consistent with other cases3, 5, 6, 8
and a focal onset with step-by-step spreading5, 6. Ip-
silateral involvement of piloerection to the epilepic
focus has been reported8. Descending sympathetic
fibres are probably largely or totally uncrossed, al-
though their pathway has not been sharply defined16.
Our case suggests evidence of an ipsilateral descend-
ing sympathetic pathway. The gradual marching of
the piloerection in our case suggests the possibility
of a somatotopic organisation in the limbic system,
which needs further study.
CONCLUSION
Piloerection as an epileptic phenomenon is unusual;
when it occurs medial temporal lobe structures have
been shown to be frequently involved. However, as
demonstrated by our case, a frontal epileptic focus,
that comprises part of the limbic system, should also
be considered. Prolonged video/EEG monitoring,
subtracted ictal SPECT and an invasive study using
subdural electrode arrays may be needed for precise
localisation.
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